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Material - Finishes and Coatings - Zinec, Silver,
Chromium, Nickel Plates

Effect of Electroplated and Chemically Plated Coatings
on Strength, Corrosion, Heat Resistant and Abrasion
Resistant Properties of 4340 Steel at 250,000 to 300,000 psi
Ultimate Strength

Abstract:

Tne several test findings were as follows: (1) significant ultimate and
yleld tensile strength losses did not result from plating; (2) r.iuction

of area losses ranging 7 per cent for chemical nickel to 98 per cent for
"electrolized" chromium occurred; (3) 55 and 3% per cent of elongation

was lost for all but electrolytic and chemical nickel plate. Baking
restored the losses found with silver plate and restored the losses ex-
perienced with zinc plating; (h) zinc plated coatings resulted in the

higher fatigue 1ife, Post plating baking at 375°F was detrimental in
every case; (5) chemical alckel, silver, electrolytic nickel, "electro-
lyzed" chromiun and zinc resisted 200, 96, 96, 43 and 43 hours, respectively,
of salt spray corrosion; and chemical nickel coating showed the greater wear
resistance.

Refereace: Forney, D. M., Jr., Raney, R. J., Wise, W. E,,
"™etallic Protective Coatings - AISI 4340 Steel -
280,000 PSI UTS - Static, Fatigue, Wear, Corrosion
and Heat Tesis,"” General Dynamics/Convair Report
MP 56-36% San Diego, California, 27 August 1957.
(Refe attached).
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REPORT N0. 58-623
TINGS

METALL
A18T T30 TPERL = 535,000 TAY Ura
snaric; VATIOUY, VLN, CORBRTOY A W LYy, T TESTS

INTRODUCTION:

Inasmuch as the design of steel airoraft parta has heretofore seldom required
heat treatment to ultimate tensile strengths in exsess of about 220,000 psi,
investigations into the successful use of certain metallic protective coatings
for parts hest treated to the 280,000 « 300,000 pei ultimte tensile streagth
range have bemn, for the most part, sketchy.

In view of the increasing use of high hardness steel and %he growing need
for plating data, & survey of the performance of ssveral coatings deposited em
high streagth AISI 4340 stesl was performed.

OBJROTs

The object of this test was to evaluate the relstive performense of aime,
silver, elestrolytis and chemiosl niskel snd “eleotrol okremiun ocatings
deposived ¢n AISI 4340 steel heat trested %0 a nominal ultimste temsile stremgth
of 200,000 ped. Bxsmination was made of the statie axd fatigus properties, the
offeet of baking om theee properties, the ocorrosion end therml exposmure resist-
anse and the adresive wear properties.

COMCLUSI0MS «

™he evalustion of She performanes of sinme, silver, slestrolytie sml eclemisal
aiske) and "glectrelined” odromiwm ccatings om high hardness AZEI 4340 Miesl wes
mde ia Serms of SMeir ofress wi s7c2imen vropertiees

1. Ulsimde ile X ] = Bo significent changes resulted
frea my pla or baking vas performed.

8. - risased o loss
- il il ek

-
chrenivm; hasever, Waking restersd the 1ese in all csses Wt sime (e resevery
for "aloctrel chranivs « 20 Bakiag 1a performsd ia pressss).
A

l.m 1000 ssourred rengiagfran 35 40 04 pereemt far
ell bt @ ool aioksl (mo redmtien). Baiiag restered the

wm..umummmwnu-mn-uuu
poresnt (20 resovery for “slomtmliset® chrmaimm =~ 20 beling porfermnd).
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4. Fati Strength. = Zino coated specimens exhibited a higher fatigue life
at the xsruuﬁ""'r(!"":. Pe = $,05) test stress than smy of the other types tested, as

shown in the table below. Also illustrated is the faot that post-plating baking
at 375°F for 3 hours was detrimental in every osse:

Plating Fatigue Life, Elu = 190,000 psi sl = 4,35) Test Sircis
o

$ine 84,600 24,700
Silver 30,000 11,600
Keotrolytie

Wiskul 23,600 18,500
Chemiocal

Nickel 20,780 11,750
*"Rlectrolised”

Chranius 6,000 -ea

S, Salt 8 Corrogion \stanog. « 4 255 hour exposcre failed %0 signif-
ioantly damage E ohemioal u%t oeu*gi however, norresion bagan after 300
hours with silver, 98 hours with eleotrolytie niocksl und “electrolised” edramium
e2d 48 hours with sine.

6. Abrusive Wear Resistanse. -~ The relative adrasive wear resistanse, sham
o8 Tabor KirasTon Wear Test oyslee, is illustreted in the followiag table whieh
atows ee mterial hardness to be A facter:

Coating Reckwell C 40 Roskwell C 47 Amnanled !
€. P. a%enl

Cromionl Niekel 7800 10,400 - |
Electrolytie ¥iekel 5200 2800 — =
| (TS0 2200 6200 -
Silver 3] ne wea
*Reetroliv g’

Ghroniwe s —— $000




ANALYSIS CONVYA AIR PAGE 3

PREP*7ED BY D, M., FORNRY, JR. A OIVISION OF GERLRAL STRANIC) COEPORATION REPORT NO. 66623
CHECKED BY W, £, WISE SAN DiEGO MODEL P.106A

REVISED BY DATE 27 Aupust 13567

7. Thermal Exposure Resistance. = One hour furnace exposurea ¢ 7000 amt
1000°F resulzed in an extensive deteriorstion of sime ,i-. . »- Cilve _ .- ‘i3
other haid, appeared %o retain c~' ., 3treugts a. woii &3 luster at these
temporatures. Electrolytic and chemical nickel snd "eleotrolised" chromium
| appeared to be unaffected although they suf fered oxidation discoloratiome

TEST SPECIMENS AND PROCEDURES:

[ Y9
| I8
[ 13
d.
..
f.

Five types of metallic protective coatinzs were de:-sited on high hardness
AISI 4340 steele specizens for evaluation in the course of this test, namely:

(1) Zine, 0.001 + .0001" per QQeZ-325, Clase 1

(2) Silver, 0.0004-0.3006" per QQ-3«355, Type 1

(3) Rleotrolytic Niokel, 0,008 ¢ ,0001" per QQuN=290, Clasa 1I
(4) Chemice. Nickel, 0,005 ¢ .0001" per Convair Spec. 0=05008
{5) "Blectrolised® ohromium, 0.0004-0.00068" - Klectrolising Corp.

All poste=plating baking was performed on & 3 hour cyele at 375°F (ineluding
those cases where specification requiresants conflicted).

Tensile Tests. « Standard tensile test specimens were made in sccordance
with Figura 1. Blanks were out froa 7/8% AISI 4340 ateel round bar end rough
machined prior to hest treatment. Following heet treatment, as ocutlined below,
the apscimens were finish ground?

The specisens were divided int five groups, ome for eash type of eocetiag
fovestigated. Malf of each group wes helmd et 3750F for 3 hours follawing the
plating operetion and *he romaining Malf left vabaked.

The teasile tasts we-e performsd in a 200,000 prund Balédwin Universal Testing
sachios. Ultissts temsile axt yielZ strensth, percest reduction in ares «xl per-
seat slongation date were recorded.

® Recept specimena No, 17-20, Tadle 11}

Normalised st 1500°P for ¢ hours
Alr ecoled

Austenitised at 15T5°F for 4 hours
0§l quemched to below 200°F
Teaper at 430°7 for 2 “ours

Adr cooled
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Fatigue Tests. - Fatige specimens were rough machined from 1 1/8" Al1S1 4340
steel round bar and heut treated in ths same furnace batoh as the tensile soecimen:
desoribed above, The speoimens were then finish machined to the requiresents of
Figure 2. Pollowing the platiiz operation, half of sach group was beked st 3I75°F
for $§ hours and the remaining half left unbeked.

The axial load tests were performed in a Somntag 10-Y Fatifue Mackine, with a
§ to 1l load amplifier, at a maxismum stress of 190,000 psi and & stress ratio
(R) of + 0,06. A test setup is shom in Figire 8.

Corrosion Teste. = Salt spray corrosion Lests were performed ss a further
svaluation of the coatings. A portiocn of tha tensile specimens dascrivad adove
and shown in Figire 1 were utilised far the tests. Half of the daked specimens
and half of the unbaked specimens of each plating type were subjected tc a 250
bour exposuwre in & salt sprey booth, Prior to exposure, the unplated threed
secticn of each specimen wus oosted with "Therma=3ip” (CVACs1050=50) in order
to protect it fram damage duriag the test. A close mxsaination was mde o7 tie
specinens every 24 hours ia order to determine the sxposurs time te the first
signs of verrosion. At thw comelusion of the 250 ho.r period, the specimsns
wore tensile tested to eweluate any changes in mechanical propertisee.

Awta Joor Sesta, - Tests wore performed ai eo.h comting in rdar te
dsteming relative resistance to wear. Twe ¢® x 4° x .126" blocks of AlS] 4340

stee] were out for esch coatisg type?, heat trestsd - oms to Rockwell C 40 end
the sther to Roalwell C 47 « ead finish ground. The twe blosks in esoh case
wore than provided with the apyropriste coating and baking tresataemt.

Zaeh specimen was wount 4 for testing in & Tedor Abresion Testing Mechine
o8 showm ir Figure 8. Type C3-17 sbresion wheels eore ised under & dead weirit
preload of me kilogres. Duriag the course of esch test, Um abtrssice whesls
were redresses . soh 500 cyulss Wy replecing tw test e mciama with lire emery
paper and rumniag the nschine 25 cyeles.

In erder to evaluate relative wear, Uws mumber of revolutions of L'w sbres:m
whesl needed to mer e pleting eat sxpcse the base metal s a8 deterained. An
aid solntion, choses te react with the base stesl Put nol with the plati=y {er,
at least, very slowly), was spplied tc the wesring surfece periedicelly = tru3,

s resstiem weuld indiest® & Wreekthrough. A 1 to 1 water selutiom of Asircat.cric
anid vas uweed with 1he silver plating and & 1 to 3 weter solution of aitric ecié
with the aims, elsstrolytic and chemical niskel eni the “electrolised” chremim

platiags.

€ Tield strungth aot daterwiaed -~ exteaiomeler =a? wtad dse to duafef -7 “rrat,-
failure of spesimen.

P Racestion being those soed (or "oleatrolized” chromimm. In this eese, 52
rolled etesl pleces Pore used in eantaled raniition » tests were mided :u

progran st late date.
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Thersal Exposure Tests. = Two AIS1 4340 steel strips, 1" x 10* x .375°%, were
out for each plating tyre®, heat treatad to Ruckmell C 47 and finish rruind. Twe
strips in eachk case were providad with the apcropriste coatiag and baking treatsent.
“ne strip of each type was heated fur one hour in a furnsce at TO°F und the re-
saining atrice were hesated to 1000°F for one hour in the furnsce. The strips were
then examined to Getermine the relative effect of exposure %0 qlevated “umparatires.
Figire 6 shows the strips after exposure. Specimens No. 1 and 2 are sinc plated,
Noa. 3 and 4, silver plated, Nos. § and C are coatad with electrolytic niekel, Nouiz.
7 and 8, chemizal nickel and Nos. 9 and 10, "elactrolized® chramiur, bvern aumser.d
specimens were exposed to 1000°7 and odd numbers to T00°F,

Koo 'LTS AND DISCUSSIUNG

T™he results of the static tests are given in Tadle 1 and fatipue test rus.lte
are pressated in Table 1l. Table 11l gives the sdresioa wear iest results,
Teble IV the corrosion test rosults and Teble V the thermal exc:sure %est resulls,

Exanination of the stati: test results of Table | indi:ates thet ne simif-
1sant change occurred in the ultimate tensile stremgth es s result of pleting,
regerdless of tyne or whether or not baking was performed. _Liwsise, the yield
strength varied oculy sdbout 2 pervent. The reduction in aree ani elongation
propercies, om the other hand, were significantly affected, far the mcst part,
Wy plating. The percest M for tinc plating, for inetance, suffered e losg of
78 peresu’, silver ¢4 perceat axd “electrolised” chromium 88 murh a8 98 percest,
The percent eloagatioa fur tinc coated 3necimens wes rediced 45 percent, for
ailver, 38 percent aai for "electrolined® shramiun, 84 perceat. Baking ot 3708
for 3 hours suesesded ia restoring all losses szceptiny that experienced W Sime.
Ia this case, hawever, the loss of percent A was reduced %o 14 percent avt imat
of pereent elongatioa to 14 percent,

Exsnisation of Tedle !l illustrates thet sime plated apecismns exhidit te
Mghest fatigue 11fe of the greup (at the Teet ostress of 130,000 pat at B - eci},
The fetigue 1ife of silver was only 47 pereunt @8 ¢oos as 2ine, electrolytic nicsel
caly 37 pereest, ohemisal mickol, 37 percent and “slecirelisad® wramim oaly ?
terceat a3 pood. It is tmrticulerly intorestiag to nots :hat bekiag at INY for
3 wowrs resul nd in » gemeral redustion of Matigoes strenglh, reaging wp to 62
peraant in the case of sise, 28 pereant for silver, 7{ Doigent for slestruiytic
niekel ami 43 percent for chemical nickel. "Electreiisting®, of cr.rse, does 22
irclude o Wakiag step.

® BEesption baing (2o used fer “elecirelized” chromiwm « cold rlied sicel
plotes used in annseled somditic-n - tert: were sddsd te pregrem sl lale 2o
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The corrosioa test results of Tmola 111 show tnat cawmizsl niccel platine
suocessfully resiated corrosiaa auring s 250 hour aalt spray b30th exposure.
Silver resisted demage for 200 hours, electrolytis nickel asd "elestrulized”
ehromium 96 hours and sine 48 huurs. The subsequen’. tensile tests of the
corrosion apscimems indicated no epparent loss in ultimace teasile strensth g
osourred dus to corrosicn damsge. Yield streagth data were not obdtained = no 5
«temsamster was uued ia view of the pussibility of premature failire result.nr
from the corrasion demage. Percent M and percent elongation data were odlained
from the sleatralytic and chemizal nickel ccated specimena omly. Tnese date show .
rather conolusively that corrosion dmege of the plating reaults a2 a fairly e
drestiec reduction ia sresimen duotility. Mo noticeanle corrosion damers to S
ehemical nlckel coatinss oscurred and, a3 Tatle ] shews, percent M ani elomsetinn
were act reduced. Demaze to electrulytic nickel coated specimmms, on the olner
hand, wes acoampenied by s loss in perceat R.A. of 64 cerceat and in eloarstion
of up t3 4% percemt.

™e results of tio Lhormel wiposure tests, descrised ia Tadle ¥, showed
that sine soatings suffer cvasiiersdle deteriorstion at TJ0°F tna pomdering st
1000°F, While slectrolytic eas chemicel aickel eomtiage were discolorwd (yuna‘.ui -
at TOOOP aad over, no Turther demage wss svideat. 1a the case of “electrolised”
ehromium, the costiag luster was unaiTected at 700° dut & Blus dlzculorstiom
oceurved at l000°F. Ko other damaze was evident, howyver. The silver costinge
sustained no apoareat demare aad retaimed lister at doth TIOOF and 1000°F as well.

OTE:
—_—

T™he dats from whi:\ this *eport was prepsred ore recoried ia Strugtures ~
laboretory Dats Book ¥s. 4211, Peges &2 through Tl
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ANALYS!S

CONVYAIR racx 16
PREPARZD BY D, M. FORNEY, JR . o

CHECKZ. BY W, B, WISR

REVISED BY

o st
GAN DIEBO

REPORT NO. 58-623
wobaL P-1084
DATE 27 August 1957

TABOR ABRASIVE WEAR TEST RESULTS

TELE ITI

SPECIMEN

PLATING CONDITION

WEAR CYCLES | AVEMGE CYCLES

ELECTRILYTIC SICKEL

CHEMICAL XTICKEL




ANALYSIS

FREP IO BY D, M. FORNEY, JR

CHECKED BY W, §. WISE

REVISED BY

CONVYAIR

A WMWY 8F S4uLNAL $TRAL-LY LORPeUITIOR
SAN DIESO

TABLE IV

CORROSION (SALT SPRAY) TEST RESULTS

PLATING TYPX MRS &XFOSURE TC r KXTENT OF TAMAGE AFTEN 250 MNS BRPOSUKE
FIRST DAMAGE l
| CEEMICAL XICKEL 250 PINROLE CORROSION JUST BEGCINNIRG TO APPRAR

SILVER 200 SMALL ISOLATED ARRAS OF CORROSION DEVELOPED
FROM PIRNOLES

B-NICKEL AND 96 CEXEm] DRETERIOMATION OF SURFACE WELL

BLECTROLIZED NDER WY

CEROME

1I%C «“ PLATING AXKD UNDER SURFACS MEAVILY DAMAGARD

rErORT NO. §6-423
moom. P=-1080
DATE 27 August 1957




ANALYSIS CONVYAIR PAGE 18

PREPAKED BY D, M, FORNEY, JR. * or sYNANICe FIEPORT NO. 56-623

CHECKEG BY W, E. WISE SAN pizaC MODEL F=106A

REVISED BY DATE 27 August 1967
TABLE V

THERMAL EXPOSURE TEST RESULTS

PLATING TYPE EFFECT OY PLATING OF UFSECT OF PLATING OF
700 °F = 1 HR 1000 °F = 1 KR
Zric PLATING PE<LED OFF PLATING YECAME POWD:ZRED
EASILY « DISCOLORED AND EASY TO R'Y OFF =
DISCOLORED
SILVER NO DAVAGE EVIDENT SAME AS 700 °F
RETAINED LUSTER
SLECTROLYTIC MO PEELING OR OTHER SAME AS 700 °F
YICKEL DAMAGE EVIDENT = :
DISCOLORATION QUITE
NOTTCFARLE » YRLLOWISH
CHEMICAL NG PASLING OR OTHER SAME AS 700 °F
NICKEL DAMAGE EVIDENT w
DISCOLARATION ZUITK
NOTICEABLE: « YELLOCWISH
“ELECTROLIZED" NO DANAGE EVIDENT NC DAMAGE EVIDENT
CHROME RETAINED LUSTER PROMINEXT DISCOLORATIUM
YLUE

PORM 18184



ANALYSIS CONVY AIR rass 19

PREPARED OY [, M. FORNEY, JR. - w REPFOAT NO. §6-623
CHECKEO BY W, E. WISE Sa Detao mooEl Fo1080

REVISED BY OCATE 27 August 1957

PIGURE INDRX
PICUES ¥O. PROTO NO. uns

1 Stndard Tensile Specinm
Round Bar Petigue Specinem
3 51" Patigue Test Setup
4 1Y o) Corresion Test Sasples -

390 IR Salt Sproy Biposure
$ al Awresive Sear Test Betup
¢ nn Dwrml Ixposuwre Test Sanples
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FIGURE 2




ANALYE:S
PREPARED BY
CHECNKED 8Y
REVISED BY

C

ONV AILR

or oTHAL C8
SAM DIKGO

PAGE 22
REPORT NO. 56=823
MODEL F.)06k
DATE 27 August 1957

FIGURR 8

FATIQWE TEST SETUP

PORMN 1018-A




ANALYSIS CONVYAIR PAGRE 23

PREPARFO BY A SIVISI0N OF SERERAL BYNANIC CORPCOATION REPORT NO. EG=623
CHECKED BY $AN bikao MODEL F-106A
NEVISED BY DATE 27 August 1957

*ELECTROLIZED"
- ELECTROLYTIC NICKEL

FIGURE 4 CORROSION TEST SAMPLES = 250 HR SALT SPRAY EXPOSURE

PORM IB1R.A




ANALYSIS CONVAIR PAGE 34

PREPARTD BY A DIYIION OF SEMERAL DYNANT 3 CONSORATION REPORT NO. 56«828
CHECKED BY SAN DIEGO MODEL F=106A
REVISED BY DATE 27 August 1967

AFRASIVE WEAR TEST SETUP

FIGURE §




- NALYSIS C ONVYAIR race 26

PREFARCL BY 4 DIVISION OF SENESAL DYNANICS SORPORATION REPORT NO. 568238
CHZICKEC aY SAN DIEGO MODEL F-106A
REVISED BY OATE 27 August 1957

PIGURE ¢ THERMAL EXPOSURE TEST SAMPLES

FORN 1818-A




